I t has been proved by Wertheim,+ whose results have been verified by myself,J that if e be taken to denote " Young's Modulus," and a. the mean distance between the centres of any two adjacent molecules of a solid body, e x * 7 is, in the case of most metals, approximately a constant. Poisson, regarding a body as an assemblage of molecules very small as compared with the distance between them, bound to one another by an attractive force, and kept at a distance by the repulsion due to heat, was led to the formula-N _ 2^=OCr 5 d \fr h
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In this formula N is a constant force perpendicular to the surface of the body, B the corresponding linear expansion or contraction pro duced, r the radius of activity of a molecule, a the mean distance between two adjacent molecules, and fr the function by which the law of the resultant molecular force is expressed. I t follows, there fore, that if e X o f li s a constant, fr must decrease in the ratio of the fifth power of the distance. Now, Clerk Maxwell in his valuable researches on the viscosity of gases arrived at the important result that the viscosity of a gas is independent of its density, and proportional to the temperature measured from the absolute zero of the air-thermometer.^ Maxwell points out th a t the constancy of the viscosity of a gas for all changes of density when the temperature is constant is a result of the " Dynamical Theory of Oases," whatever hypothesis we adopt as to the mode of action between the molecules when they come near one another; but that if the viscosity be as the first power of the absolute temperature, then in the dynamical theory, which is framed to explain the facts, we must assume that the force between two molecules is proportional inversely to the fifth power of the distance between .
•f' I t is true th at we cannot regard the distance between two consecutive molecules of a solid as large compared with the diameter of the molecules; indeed, we must, on the contrary, assume the molecules to be nearly touching each oth er; consequently Poisson's formula would require modification before it could be strictly adapted to the case in point. I t is equally true th at the equation e X a7= a constant cannot possibly hold good for all temperatures, inasmuch as the value of e decreases more with rise of temperature than a7 increases, and th at conse quently the function fir must contain the temperature. Nevertheless, the coincidence of the results as regards the law of force between two molecules obtained by W ertheim and Maxwell in quite different ways, seemed to warrant me in making more extended inquiries in this direction, and with this object I set about making a most careful determination of the thermal capacity of each of the different metals which had been used by me in. the earlier portion of this inquiry. My object in doing so will be seen from what follows:-I f we denote the atomic mass by A, the density by A, the thermal capacity per unit mass by Cm, and the therm al capacity per unit volume by C", we have the following relations :-Cm X A = a co n stan t; Co --A X C m> e X a7= a constant; *
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* " P h il. Trans.," 1866, vol. 126, P a rt I . f I find th a t M axw ell in a later m em oir ( " P h il. Trans.," 1879, P art I ) expresses an opinion that th e balance o f evidence is against th is law . O n th e contrary, th e results obtained by H een (" B u lletin s de l 'A cadem ie "Royale de B elg iq u e," 3e S6rie, t . iv, 1882), seem to prove m ost conclu sively th a t for liquids and solids o f a definite constitution, as shown by th eir therm al expansib ility at different tem peratures, th e From these relations we obtaina constant, or that the cube of " Young's Modulus" varies as the seventh power of the thermal capacity per unit volume.
Description of Apparatus and Mode of Experimenting.
Thermometers.-Three thermometers were employed; these were made by Casella, and after having been filled were kept by myself for a year; they were then sent back to the maker to be graduated, and i month afterwards their graduations were tested at Kew, and were found to accord very accurately with the Kew standards throughout the whole of their ranges, which were in the three instruments from -5° C. to 30° C., from 30° C. to 65° C., and from 65° 0. to 105° 0. respectively. The graduations were made to one-tenth of a degree centigrade, and were of such a length that it was easy to estimate to one-hundredth of a degree.
Calorimeter.-The calorimeter was of the well-known kind intro duced by Regnault, and the silver coatings of both the inner and outer copper vessels of the instrument, which was new, were through out the experiments kept uniformly bright. The mass of the inner vessel of the calorimeter was 133 grams, and the water equivalent of it, the stirrer and thermometer, was determined from the mean of several experiments made by introducing into the vessel known masses of water at different temperatures to be 138 grams, whilst the water equivalent, as calculated from the mass and thermal capacity of the vessel stirrer and thermometer, was, on the assump tion of the heat being absorbed uniformly throughout the vessel, 140 grams. The probable error of an observation of the thermal capacity of a wire resulting from error in the determination of the water equivalent would in no case exceed 0'06 per cent.
Mode of Adjusting the Wires.
The wires, which had been previously well annealed, were wound round a steel rod, and so made into coils of length about 2 inches, inner diameter f-inch, and outer diameter 1 | inches; the rod was then withdrawn, and the coil inserted into a thin brass envelope. The envelope (figs. 1, 2) consisted of a hollow cylinder AB, 2 inches in length and 2 inches in diameter, terminated at both ends by a truncated cone. The closed conical end BDB could be unscrewed so as to receive the coil of wire, and was, after the insertion of the coil, force does vary inversely as the fifth power of the distance. According to M. H een, the force is inversely as the seventh power of the distance, but it would seem to follow from Poisson's mathematics that the law should be really the one pre viously indicated. screwed on ag ain ; whilst at the other extremity of the envelope was an aperture, C, fin c h in diameter, through which a thermometer could be inserted so that its bulb would lie along the axis and in the centre of the coil of wire. The envelope served a double purpose, as it not only enabled com pensation to be made in the. manner presently to be described for loss of heat during the transference of the wire from the air-chamber to the calorimeter, but also was of use in distributing the heat uniformly throughout the coil, which was not the case when no such precaution was taken.* The thermometer was placed in the air-chamber in a position which was nearly horizontal, but slightly slanting upwards so as to prevent the column of mercury in the thermometer tube from being broken when the temperature was falling. As soon as the coil of wire had attained the desired temperature, the calorimeter was placed close to the end F of the air-chamber, and the double screen MM having been first removed the cork F was pulled out, and after it, through the intervention of the thread, the brass envelope with the contained wire, which were speedily dropped into the calorimeter. After the water in the calorimeter and its contents had been stirred for three minutes, the temperature of the mixture was determined to within T±o° C. by means of the first of the previously-mentioned thermometers, care having been taken by means of the erection of certain marks to avoid parallax in the reading. After the first reading had been taken two others ensued after successive intervals of three minutes each, so that correction might be made for loss of heat resulting from radiation ; this loss, however, being almost compensated by placing in the calorimeter water at a temperature which previous rough calculation had shown would be as much below the temperature of the room as the temperature of the mixture would be above it.
Preliminary observations were made for the purpose of ascertaining the rise of temperature which would be caused by immersing the heated envelope only in the 450 grams of distilled water used in the calorimeter, and the mean of eighteen observations in which the envelope alone was raised to 60° C. and then plunged into water at about 20° C., showed that the average rise of temperature per degree of fall of temperature of the brass envelope between 60° C. and 20° C. was 0'01150° C. Similarly eighteen observations between 100° C. and 20° C. showed a rise of 0 01114° C. to be produced per degree of fall of temperature of the envelope. If the thermal capacity of the brass of which the envelope was formed be assumed to be 0'0924 between 20° 0. and 60° C.,* the calculated rise of temperature, supposing that no heat is lost in the transference of the envelope from the air-chamber to the calorimeter, would be 0'0137; so that, as might be expected from the large surface of the envelope as compared with its mass, the loss of heat during the transference is very appreciable, and, as also might be expected, the loss between 100° C. and 20° C. is greater than that between 60° C. and 20° C. It will be sufficient, perhaps, to record the eighteen observations between 20° C. and 100° C. •01115 + *000001 3
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The probable error of the mean value is not more than 0*22 per cent., and the probable error of the mean value of the other set of eighteen observations was not more than 0*16 per cent. Experiment I I furnishes a fair sample of the accuracy of the work.
Experiment II.-German-silver (1)* well annealed, weighing 121# 08 grams.
No. o f
Observation. •7209
•09220 --00204 * A number attached to the name of a m etal refers to a wire w ith a corresponding number in a portion of the paper already published (" P hil. Trans.," Part I, 1883). t A minus sign in the column shows that the water in the calorimeter had been cooled down a little too much before the mixing took place, and that hence the water gained in temperature by radiation.
The mean value of all the observations on the mean therm al capacity of German-silver between 20° C. and 60° C. is 0*09424, but this number requires to be slightly corrected if we are to assume the thermal capacity of water at 0° C. to be unity. According to Regnault,* the thermal capacity of water at C. = 1 + 0*00004£ + 0*0000009£3, and hence the therm al capacity a t 20° 0. = 1*00116. Again the apparent weight of water in air was taken instead of the weight in vacuo. Now the correction of the apparent weight W of a mass of water when weighed w ith brass weights amounts to W . 0*0012 (1 --g T) = W . 0*00106. On the whole, therefore, we must take 0*09424 x 1*00222, i.e., 0*09445, as the corrected therm al capacity. A similar correction was applied in the case of all the other observations. No correction was made in consideration of the fact th a t the whole of the stem of the thermometer employed in the calorimeter was not immersed in the source of heat, as according to Kopp, if N be the number of degrees extant from the source of heat, T the observed temperature, and t the atmospheric temperature, a. the correction to be applied, *=N(T-0 x *0001545.+ Now if we assume the temperature of the air to be 20° C., and the temperature of the w ater before and after the immersion of the heated wire to be 18° C. and 22° C. respectively (this representing rather an extreme case), the correction would only introduce an altera tion in the value of the therm al capacity of 0*015 per cent. W ith the thermometer used in the heated air-chamber a correction, not however exceeding in any case 0*3 per cent., was, when necessary, applied by the aid of Kopp's formula.
In Table I are given the results obtained w ith the different metals, and in Table I I a comparison of these results with those obtained by other experimenters.
Stress
and Strain on the Properties o f Matt * " M em . A cad. Sciences," xx i, p. 729. + R ecen t in vestigation s have show n th a t th is form u la can on ly be regarded as roughly approxim ate, b u t th e approxim ation is q u ite sufficient fo r th e present purpose. 
Remarks on Tables I and II.
From the last column of Table I we learn that the thermal capacity of all the metals examined increases with the temperature, a result which we find confirmed by the observations of other experimenters recorded in the third column of Table II .* The last column of Table I I shows that the results obtained by me are on the whole slightly, but decidedly, greater than those of the means of the other experimenters, and perhaps this may be accounted for by the fact that with me the loss of heat in the transfer from the hot air-chamber to the cold water is entirely compensated.
The thermal capacities of the alloys platinum-silver and German-silver are almost exactly the same as those calculated from the proportions of their components ; thus the calculated thermal capacity of the platinum-silver, which was composed of 2 parts by weight of silver and 1 part of platinum, is 004877 between 0° C. and 100° C., and the observed value is 0'04864. Again, the calculated thermal capacity of the German-silver, which was composed of 74 parts by weight of copper, 20 parts by weight of zinc, and 6 parts of nickel,f is 0'09460, and the observed value 009466. Such results as these are highly satisfactory, as they not only serve as indications of the trustworthi ness of the mode of observation, but also show how very closely we may rely on calculating the thermal capacities of such alloys as these from the thermal capacities of their component parts.
Finally, we learn from Table I I how well the observations of dif ferent observers agree with each other, so that small differences in the purity of the metal J do not, as in the case of electrical conductivity, make much difference in the thermal capacity.
Relation between
il Young's Modulus" and Thermal Cap Volume. I t is now time to consider whether such a relationship as has been mentioned in the beginning of this portion of the paper to be likely to exist between thermal capacity and elasticity, does really do so, and in Table I I I will be found the necessary data.
From Table II I we learn that, with exceptions in the cases of platinum and platinum-silver, the order of the thermal capacities. per unit volume of the different metals is the same as the order of
